Purpose To investigate the refractive results of a LASIK enhancement and its impact on treatment safety, efficacy, predictability and patient reported outcome in eyes after clear lens extraction and diffractive trifocal lens implantation. Methods A retrospective cohort multicentre study of Care Vision Refractive Centres in Germany compared two groups of patients. Group 1 consisted of eyes that had non-toric MIOL surgery only, whereas group 2 had a consecutive laser enhancement after 3 months follow-up. Refractive and subjective results of the two groups were compared. Patient reported outcome measurements were assessed by using a 30-item questionnaire with four subscales.
Introduction
Multifocal intraocular lenses (MIOL) are reliable treatment options. However, to work well, MIOLs must fulfil some conditions. Among others, a crucial point which reduces the success of any MIOL is residual postoperative ametropia, mostly as refractive cylinder left after MIOL surgery. In these cases, the MIOL simply cannot fulfil its full working range thereby resulting in loss of lines of distance and near uncorrected visual acuity (UDVA, UNVA) as well as patient dissatisfaction. To meet the expectations of patients and surgeons in cases of postoperative ametropia, a laser enhancement surgeryalso called Biopticsis a popular surgical option to treat the residual ametropiausually the refractive cylinderleft in the optical system. In our experience, Laser in situ keratomileusis (LASIK) is the method of choice compared to photorefractive keratectomy (PRK) as it goes along with faster recovery of visual acuity and usually patient satisfaction. This study was initiated to investigate refractive and subjective results of eyes with a laser enhancement procedure after MIOL surgery and its impact on treatment safety, efficacy and predictability.
Material and methods
This retrospective multicentre study aimed at analysing refractive and subjective results following implantation of a non-toric, aspheric refractive-diffractive hydrophobic trifocal intraocular lens (MIOL; Fine Vision Pod F, PhysIOL, Belgium) in eyes with mild pre-operative topographic astigmatism. In spite of a preoperative refractive cylinder the surgeon may indicate a nontoric MIOL and expect a reduction of corneal astigmatism by positioning of the corneal incisions. Two age-and gendermatched study groups were retrospectively defined: Group 1 consisted of eyes that had non-toric MIOL surgery only, whereas group 2 had a consecutive laser enhancement (Bioptics = nontoric MIOL surgery + consecutive LASIK) after 3 months follow-up (FU). The main indication for a touch-up procedure was a symptomatic difference between CDVA and UDVA, mainly due to postoperative refractive cylinder. Laser enhancements were free of charge and based on manifest refraction, and target refraction for MIOL surgery and laser enhancement was emmetropia in all cases. MIOL surgery was offered to young non-presbyopic myopes with healthy posterior segments (in case they were not fit for laser vision correction or ICL surgery), presbyopes and young nonpresbyopic high hyperopes. The latter were not suitable for keratorefractive surgery or phakic lens implantation.
According to our standard operation procedure ("Care Vision Consensus") MIOL surgery was offered to patients that fulfilled the following criteria: Following the above-mentioned indications, we divided this analysis into myopic and hyperopic patients ("young nonpresbyopic myopes versus presbyopic hyperopes"). Since preoperative UNVA of the hyperopes is much worse than of myopes we expected a higher improvement of UNVA post MIOL in hyperopic eyes compared to pre-operative myopic eyes which may affect their satisfaction.
All data were retrieved from the Hamburg Refractive Database (University Hospital Hamburg-Eppendorf and Care Vision Refractive Centres in Germany). All patients had a FU of at least 3 months after the MIOL surgery and, in cases with Bioptics, another 3 months after the enhancement. For analysis, the results of the MIOL surgery only cases (Group 1) were compared to the results obtained by Bioptics cases (Group 2). All data was measured 3 months after the final treatment. No eye had a posterior capsule opacification or YAG capsulotomy had already been performed at the time of the clinical measurements. All patients gave written informed consent for data analysis during the recruiting process for surgery. The retrospective study adhered to the tenets of the Declaration of Helsinki.
Surgical treatment
The MIOL surgeries and laser enhancement procedures followed a standard protocol of indications as well as pre-, intra-and postoperative management written and implemented by one of the first authors of this study (T.K.). The power of the trifocal MIOL was calculated using a laser interferometer (IOL Master 500, Zeiss, Germany) using the Haigis formula aiming at emmetropia. MIOL surgery cases were performed by three surgeons in three Care Vision Clinics in Germany and followed a standard approach phacoemulsification with complication-free implantation of a posterior chamber lens. Paracenteses (1-1.5 mm) were incised at the limbus perpendicularly to the phaco incision, in most cases at 3 and 9 o'clock position. On the steep meridian a 2.4 mm wide incision was made. We did not perform Femtosecond-assisted surgery. A trifocal MIOL (Pod F, Physiol) was inserted into and centred in the capsular bag using an injector and a 1.8 mm wide cartridge. All incisions were self-sealing, sutures were not required.
Group 2 were treated with Bioptics as follows: We used a microkeratome (Moria SBK 90, France) to create a flap with nasal hinge and an Allegretto Excimer Laser platform (EQ. 400 Wavelight GmbH) with eye tracking (250 Hz) in all cases, supported by a Neurotrack system (Wavelight GmbH) to minimize cyclotorsion.
Criteria for a touch-up procedure were:
-Patient dissatisfaction with postoperative uncorrected (distance) visual acuity and thus patient request for an improvement after demonstrating changes of near and distance visual acuity that would be reached by a touch-up procedure. -Lack of ocular pathologies that would diminish visual acuity independent of ametropia (for example posterior capsule opacification, macular edema, superficial punctate keratitis). -Stable subjective refraction defined as a maximum difference of 0.50 D SE between two consecutive follow-up examinations (4 weeks versus 12 weeks after MIOL surgery).
-A maximum difference of 0.25 D of refractive cylinder and/or sphere between two consecutive follow-up examinations (4 weeks versus 12 weeks after MIOL surgery); in eyes with refractive cylinder of 0.75 D or higher less than 20°change of subjective cylinder axis. -Regular corneal topography not contraindicating corneal laser surgery according to the previously mentioned Standard Operating Procedure (SOP / Consensus). -All patients were examined on day 1, day 7 and 1 and 3 months after MIOL surgery and on day 1, day 7 and 3 months after LASIK touch-up.
Patient reported outcome measurements
Patient reported outcome measurements were assessed by using a 30-item questionnaire with four subscales (Spectacle Dependence, Eye Comfort, Freedom and Looking/Feeling Well). The questionnaire was part of a field study as described previously (please refer to: https://clinicaltrials.gov/ct2/show/ NCT03655743). All items were translated into German and tested within cognitive interviews before applied in the field study. Cognitive interviews were conducted to optimize face validity (comprehensibility) of items and response options. A trained interviewer (Anna Harfst) conducted all of the cognitive interviews. Participants were asked to describe in their own words what each item was asking and in some cases to compare different ways of asking the same question. As a result of these interviews, items could be further simplified, some words could be deleted, some items could be reworded, and some parts of the question stems could be added to response options for clarity.
Statistical analysis
Refractive results were reported following conventions published previously. To analyse predictability of the treatment, linear regression was applied. A P value of 0.05 or less was defined as statistically significant.
Results
This retrospective multicentre analysis included data of 139 eyes of 79 patients in which either MIOL surgery or MIOL surgery plus LASIK enhancement had been performed between January and December 2017 (mean age 29.8 ± 10.04, range 21 to 62 years). Table 1 summarises pre-and postoperative spherical equivalent (SE) for both the study groups, subdivided in pre-operatively hyperopic and myopic eyes. Postoperatively, uncorrected distance visual acuity (UDVA) reached 0.1logMAR (0.8; 20/25) in 94% of eyes with Bioptics and 85% of eyes with MIOL only (Fig. 1) . In eyes with Bioptics, 79% had a postoperative UDVA of at least preoperative corrected distance visual acuity (CDVA). UDVA equalled CDVA in 66% and was better in 3% of eyes with MIOL only (Fig. 2) . There was no change in Snellen lines of CDVA in 89% and 93% in MIOL and Bioptics eyes, respectively ( Fig. 3 ). Predictability of SE change was high in both the study groups ( Fig. 4 ) with 88% (Bioptics) versus 83% (MIOL) within 0.50 Dioptre of the attempted SE ( Fig. 5 ).
Subjective outcome
Looking at the subscales Spectacle Dependence (P = 0.41), Eye Comfort (P = 0.15), Freedom (P = 0.48) and Looking/ Feeling Well (P = 0.45), there were no statistically significant differences between MIOL-only and Bioptics eyes. Moreover, overall satisfaction (P = 0.23) did also show no statistically significant difference (Fig. 6 ).
Discussion
In this retrospective study we expected that eyes that did not need a Bioptic (Group 1) will have better objective results than eyes in group 2 before they got their Bioptic. The relative lower objective and subjective visual performance of group 2 is the reason why they were entitled for a touch-up LASIK. This seemingly clear division into "satisfied" vs "still not satisfied" MIOL patients raises clinically relevant questions: Can a Bioptic regain the good results of an emmetropic eye after MIOL surgery? Or does an excimer laser surgery in a certain age group cause more discomfort than satisfaction? And maybe the dissatisfaction after MIOL implantation reflects the character and personality of the patient rather than his or her visual acuity? In our experience after MIOL implantation most eyes do have a minimal measurable ametropia but very good visual performance and satisfaction. However, which threshold of ametropia should be eligible to offer an additional surgery on the cornea? A refractive cylinder as low as 0.75 Dioptre can significantly limit visual acuity [1] . In eyes after MIOL implantation and an uncorrected refractive cylinder, objective and subjective results are usually below expectations [2] [3] [4] [5] [6] [7] . In a previous study, the authors showed that almost 1 in 3 eyes were limited by a postsurgical refractive cylinder as low as 0.75 D or higher [6] . In another study by de Vries et al. a refractive cylinder was present in more than 2 of 3 eyes after non-toric MIOL implantation. Another large scaled study on surgical results of 17.000 individuals with cataract surgery concluded that almost 1 in 2 eyes planned for emmetropia did not reach a postsurgical SE of 0.50 Dioptre or less [8] .
Independent of the reasons of a postsurgical refractive cylindereither unwanted SIA or non-corrected preoperative topographic astigmatismsometimes combined with residual spherical error, patients with a MIOL demand UDVA of 20/20 or better. The function of the diffractive implant itself depends on postoperative emmetropia to deliver its expected optical performance. In case of post MIOL ametropia, Biopticspreferably LASIK enhancement -is a simpler method than any secondary intraocular surgery to reach the initial goal.
With our study, we aimed to compare objective and subjective results of patients that needed a touch-up surgery to reach a better UDVA (Bioptics group 2) with patients that had already reached final UDVA without a compromising refractive cylinder (MIOL-only group 1).
Our results show that: Laser enhancements raise the visual performance to the same level as of trifocal MIOL eyes that did not need a touch-up.
Laser enhancements raise the subjective satisfaction to the same level as of trifocal MIOL eyes that did not need a touch-up.
Our findings go in line with previous data from Venter et al. (2013) [9] and Muftuoglu et al. (2009) [10] . Both these studies report on high predictability, efficacy and safety of laser enhancement in MIOL eyes to treat the refractive cylinder.
This retrospective study focuses on non-toric MIOL implantation in eyes with low cylinder. Doubtlessly, there is high evidence that using toric lenses in eyes with significant topographic astigmatism results in high predictability and patient satisfaction [10] [11] [12] . However, some patient with a toric MIOL still have a refractive cylinder left after the surgery, most likely due to SIA or misalignment of the toric MIOL. Although the current study does not analyse results of laser enhancement in toric IOL eyes, its conclusions may be implicated for this patient group as well.
There are arguments in favour of using non-toric lenses with a prior planned laser touch-up in eyes that might otherwise have been indicated for a toric lens. Schallhorn et al. [13] present an analysis of almost 800 eyes with MIOL implantation and showed that less than 50% reached emmetropia in terms of ±0.50 D SE. Excimer laser surgery was performed and lead to refractive and subjective improvement of treatment results in 9 of 10 eyes. In their study, the number of patients that reported to be unsatisfied or very unsatisfied with the treatment outcome decreased statistically significantly after the touch-up from 17 to 9% (P < 0.001).
In our study, fifteen eyes of the MIOL-only group had a postoperative refractive cylinder of 1.00 Dioptre and more at the 3-month FU. However, in these eyes the mean SE was 0.12 ± 0.33 Dioptres, ranging between − 0.625 and 0.625. Interestingly, these patients did not show a statistically significant difference in subjective outcome as binocular visual acuity reached UDVA of 0.8 and more. None of these eyes lost lines in CDVA (when tested monocularly), and all patients had an UDVA (binocular) better than the driving standard. There were no statistically significant differences between patient reported outcome measurements when looking at the subscales Spectacle Dependence (P = 0.41), Eye Comfort (P = 0.15), Freedom (P = 0.48) and Looking/Feeling Well (P = 0.45). Moreover, overall satisfaction (P = 0.23) did also show no statistically significant difference which means that patients with a Bioptic reported on the same satisfaction levels. With other words, the enhancement procedure did not diminish objective outcome and thus, it did not affect patient satisfaction with the overall result of the treatment. These findings go in line with previous studies [5, [13] [14] [15] . There are three limitations to our retrospective non-randomised study. First, the questionnaire used here has not been fully validated yet. Secondly, we did not measure subjective satisfaction and its increase after MIOL implantation before the laser enhancement in the Bioptics group to analyse its effect. Third, we did not match individuals between study groups as per preoperative refraction (although they were matched age-and gender-wise). In this set-up of elective refractive lens exchange and MIOL implantation a prospective randomised study is not implacable. The advantages of this study are the standardised SOP, pre-intra and postoperative indications, devices and methods used by a relatively large number of human eyes within a short time. Fig. 6 Results of patient reported outcome measurements between Bioptics and MIOL only eyes assessed by using 30 items of 4 subscales (Spectacle Dependence, Eye Comfort, Freedom and Looking/Feeling Well). There were no statistically significant differences in the aforementioned domains between the two study groups To conclude, our study results show that:
1. Laser enhancement at 3 months after trifocal MIOL implantation (Bioptics) delivers the same refractive results compared to eyes in which the "second shot" was not necessary. 2. Laser enhancement at 3 months after trifocal MIOL implantation (Bioptics) is safe, efficient and predictable. 3. MIOL patients with Laser enhancement report the same outcome as MIOL-only cases when asked about their subjective satisfaction with the "second shot", being done free-of-charge.
We recommend performing laser enhancement at 3 months after MIOL implantation (Bioptics) in trifocal MIOL patients that benefit from improvement of residual ametropia.
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